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A B S T R A C T
The United Nations recognised the transfer of invasive species across natural barriers as one of the greatest
pressures to the world's oceans and seas. The BWM Convention sets the global standards on ballast water
management (BWM) requirements, while recognising that regional and local specifics have to be considered for
its effective implementation. In the Adriatic Sea cross-border activities were conducted to provide for essential
information/data and tools to support a regionally coordinated implementation of the BWM Convention. This
special issue contains 18 publications that include results and recommendations from studying the ballast water
and management issues through sampling of ballast water on vessels, risk assessment for exemptions and BWM,
biological and chemical port baseline surveys and monitoring conducted in ports along the Adriatic Sea coast,
oceanographic conditions, ballast water sediment issues and their management in ports, and the implementation
options of the BWM Convention through the Adriatic States' environmental law and institutions cooperation.
Essential data and tools to support a regional approach in the implementation of the BWM Convention were
provided, and are therefore available to the administrations of the Adriatic countries to enable protection of the
Adriatic Sea environment, human health property and resources from negative impacts of ballast water being
discharged in the area. Data, approaches and tools provided here may be helpful in any other region to support
an effective BWM Convention implementation.
1. Introduction
The United Nations recognised the transfer of harmful organisms
and pathogens (HAOP) across natural barriers as one of the greatest
pressures to the world's oceans and seas, as those species, when being
invasive, cause global environmental changes, and pose threat also to
human health, property and resources (IMO, 1973; Carlton, 1985;
Gollasch et al., 2002; Vila et al., 2010; Chan et al., 2019). Ballast water
transferred by vessels was recognised as a prominent vector of such
species, and it is regulated by the International Convention for the
Control and Management of Ship's Ballast Water and Sediments, 2004
(BWM Convention) (IMO, 2004). The BWM Convention sets the global
standards on ballast water management (BWM) requirements, while
recognising that regional and local specifics have to be considered for
its effective implementation (David and Gollasch, 2008; Bailey et al.,
2011).
The BWM Convention aims to reduce the spread of HAOP among
ports and areas, by establishing standards and procedures for the
management and control of ships' ballast water and sediments. The
BWM Convention defines HAOP as organisms which, if introduced into
the sea including estuaries, or into fresh water courses, may create
hazards to the environment, human health, property or resources, im-
pair biological diversity or interfere with other legitimate uses of such
areas (IMO, 2004). Accordingly, HAOP include potentially harmful non
indigenous species (NIS) and cryptogenic species, harmful native spe-
cies and pathogens (David et al., 2013; Gollasch et al., 2015).
In total> 1400 aquatic non-indigenous species are known from
Europe (Gollasch, 2006; Vila et al., 2010; Katsanevakis et al., 2013;
Reker et al., 2015), and> 986 NIS are recorded in the Mediterranean
Sea, the highest number of all European Seas (Klaoudatos and Kapiris,
2014). Their economic impact is difficult to quantify (van den Bergh
et al., 2002) and literature is scarce on this aspect. One study concluded
that the estimated yearly economic loss due to the introduction of
aquatic non-indigenous species is $14.2 billion in the USA (Pimentel
et al., 2005) and costs for repair, management and the mitigation of
such species in Europe are> 1.2 billion Euros annually (Shine et al.,
2010).
The volume of ballast water discharged in the Adriatic Sea ports is
estimated to be over 10 million tons per year and due to foreseen
projects this could soon increase considerably. The presence of HAOP in
ballast water discharged in the Adriatic ports was proven (David et al.,
2007; Cabrini et al., 2019) and negative impacts have already been
recorded in the Adriatic Sea (Zenetos et al., 2012; Katsanevakis et al.,
2016). The Adriatic Sea is a unique and highly sensitive ecosystem. The
economic development and social existence of the coastal states
strongly depend on the clean and preserved Adriatic Sea (Kraus et al.,
2016). However, the Adriatic Sea is also a seaway mainly used by in-
ternational shipping to or from Europe as hinterland in addition to
intense local shipping (Komadina and Zec, 1996; David and Gollasch,
2008). An increasing, serious concern is the introduction of HAOP by
ships' ballast water (David et al., 2007).
Adriatic countries through regional cooperation (e.g.,
Interministerial Trilateral Commission for the Protection of the Adriatic
Sea among Croatia, Italy and Slovenia) have recognised that the ballast
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water issue is very critical and complex. A key barrier recognised was
the lack of data (e.g. the presence and invasiveness of HAOP in Adriatic
ports, ballast water uptake and discharge activities, sediment disposal,
chemical pollution with ballast water) and knowledge (e.g. port base-
lines and monitoring, ballast water sampling for compliance control,
risk assessment, how to deal with non-compliant vessels, early warning
system (Magaletti et al., 2018), effectiveness of BWM systems and
measures) to enable Adriatic countries to implement the BWM Con-
vention requirements through a common BWM approach. A strategic
common cross-border approach was considered to be crucial also be-
cause of the shared, specific, vulnerable, economically important, semi-
enclosed environment, in which HAOP as well as international shipping
cannot be limited by political borders.
The Ballast Water Management System For Adriatic Sea Protection
(BALMAS) strategic project identified and integrated the necessary ac-
tivities to enable a long-term, environmentally efficient, and financially
and maritime transport sustainable implementation of BWM measures
in the Adriatic. The general BALMAS objective was to establish a
common Adriatic cross-border system linking research institutions,
experts and national responsible authorities to avoid the unwanted risks
to the environment and humans from the transfer of HAOP, through the
control and management of ships' ballast water and sediments. Further,
BALMAS objectives included developments in related knowledge and
technology at cross-border level for a long-term effective BWM in the
Adriatic according to the BWM Convention, Europe wide developments
and local specifics.
2. Adriatic sea, maritime transport and ballast water issue
The Adriatic Sea is the most continental basin of the Mediterranean
Sea. It is located in the northernmost part of the Mediterranean Sea,
between the Apennine and the Balkan peninsula. Its longitudinally
elongated shape can be approximated to a rectangular basin 800 km
long and 200 km wide, with the only connection with the
Mediterranean Sea through the Otranto Strait (Lipizer et al., 2014). The
Adriatic can be divided into three areas: the northern Adriatic – the
largest shelf area in the Mediterranean, bordered by 100m isobaths and
characterized by the largest riverine contributions in the basin (Cozzi
and Giani, 2011); the central Adriatic – characterized by Jabuka Pit or
Middle Adriatic Pit, whose maximum depth is around 270m (Marini
et al., 2006; Grilli et al., 2013), in this area, Palagruža Sill (170m deep)
acts as a borderline area between the Jabuka Pits and the Southern
Adriatic basin (Marini et al., 2016); and the southern Adriatic – which is
connected to the Ionian Sea through the Otranto Sill (depth, 780m) and
includes the South Adriatic Pit, the deepest area in the Adriatic, around
1200m (Artegiani et al., 1997). The circulation of surface waters in the
Adriatic Sea is predominantly cyclonic (counter-clockwise), i.e. along
the eastcoast the waters move from south to north, while along the west
coast from north to south. This circulation strongly influences the flu-
vial inputs and the transport of nutrient loads in the open sea. The main
nutrient inputs to the Adriatic Sea come from surface runoff, under-
ground water and urban discharges, and aeolian inputs (Marini et al.,
2008). Temperature, salinity, nutrients, dissolved oxygen, and chlor-
ophyll generally show a pronounced seasonal cycle and marked long-
itudinal gradients (Lipizer et al., 2014). From north to south, the
Adriatic appears to be characterized by a progressive decline in nutrient
concentrations in the surface layer and a decrease of seasonal cycle
amplitude in the middle and southern areas (Zavatarelli et al., 1998).
Maritime traffic in the Adriatic Sea follows four main patterns
(Fig. 1). The main Adriatic longitudinal route follows the main long-
itudinal axis of the Adriatic Sea. The total length is just over 400
Nautical Miles and links ports in the northern part of the Adriatic Sea
with the Otranto passage. The second group of routes includes the
crossing routes between the ports on the western and eastern Adriatic
coasts. The third group of routes includes the routes connecting ports
along the east and west coast of the Adriatic Sea, which in case of the
western coast is domestic traffic only, while along the eastern Adriatic
coast can be international. And the fourth group includes various ir-
regular routes used by large cruise vessels, yachts, fishing vessels, as
well as other small boats. According to available data on these ports, it
is estimated that approximately 22,000 ships sail per year across the
Adriatic Sea area (Zec et al., 2015; Zupančič et al., 2015).
The largest group is the general cargo vessel type, followed by bulk
carriers, chemical and oil tankers (Fig. 2).
Ballast water discharge patterns in the Adriatic Sea were studied to
obtain information about frequency of vessel calls, ballast water dis-
charge profiles per vessel type and donor ports of ballast water. Twelve
Adriatic ports (Koper, Trieste, Venice, Bari, Ancona, Rijeka, Pula, Split,
Šibenik, Ploče, Bar, Durrës) were analysed based on the real maritime
traffic data (David et al., 2016). In the period from 2012 to 2015 al-
together 39,442 vessel calls were recorded of which an average of 22%
vessels had been assessed to discharge ballast. These data include cargo
vessels and other types of vessels (passenger, tug, reefer, etc.) since
some ports take into account only cargo vessels and other ports all types
of vessels. Information about ballast water discharge volumes and
donor ports were obtained with ballast water reporting (BWR) and
ballast water discharge assessments (BWDA). As most ports do not have
BWR in place, BWDA has been used to assess discharge volumes. Based
on BWR and BWDA, 8.4millionm3 of ballast water was estimated to
have been discharged in the 12 selected ports from 2012 to 2015 (David
et al., 2016). It should be noted that the real value is expected to be
higher since some selected ports did not report for the entire time
period considered here.
In terms of ballast water donor ports, the majority of ballast water is
transferred inside the Adriatic Sea area, followed by the remaining
Mediterranean Sea area, and< 10% is from ports outside the
Mediterranean Sea (David et al., 2016). Even when donor ports are
from the same ecoregions, studies have shown (e.g., David et al., 2007,
see also this issue) that ports in the area already contain introduced
species, hence these are then further spread as secondary transfer with
ballast water.
3. In this special issue
The BALMAS project lasted from November 2013 to September
2016 and included 16 partners from six countries sharing the Adriatic
Sea: Albania, Bosnia and Herzegovina, Croatia, Italy, Montenegro, and
Slovenia. Most of the BALMAS project results are presented in the 18
publications of this special issue.
The opening paper of this special issue, Introductions and transfers of
species by ballast water in the Adriatic Sea (Gollasch et al., 2019), pro-
vides background information on HAOP and the mechanisms (path-
ways) of their transport, shipping (ballast water and biofouling) being
the dominant vector followed by aquaculture activities. In line with the
aims of the BALMAS project, this paper highlights ballast water as the
focus of an international convention to prevent future introductions of
HAOP, and includes a review of management options and suggestions
for future research needs.
The importance of BWM for the Adriatic is clearly pointed out by
the results presented in paper Potential transfer of aquatic organisms via
ballast water with a particular focus on harmful and non-indigenous species:
A survey from Adriatic ports (Cabrini et al., 2019). Besides faecal con-
tamination, investigated ballast water samples from several vessels
calling in five Adriatic ports (Trieste, Venice, Ancona, Bari, and Koper),
included harmful and potentially toxic phyto- and zooplankton species,
with several phyto- and zooplankton NIS.
The risk assessment (RA) developed in the framework of the BWM
Convention includes two fundamentally different approaches for its
implementation, the selective and the blanket approach (David, 2007;
David et al., 2015a, 2015b). The selective approach imposes appro-
priate BWM measures depending on different risk levels posed by the
ballast water intended for discharge, whereas the blanket approach
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Fig. 1. Vessel path lines for April 2012 showing different vessel types (Zupančič et al., 2015).
Fig. 2. Vessels by vessel type in the Adriatic Sea recorded in 2012 (Zupančič et al., 2015).
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applies to all ships intending to discharge ballast water in a port to
conduct BWM, thus potentially generating an unnecessary burden to
those vessels carrying low risk ballast water (David et al., 2015b). In the
paper, Risk assessment for ballast water management — Learning from the
Adriatic Sea case study (David and Gollasch), a new BWM RA model was
developed to support the implementation of most efficient management
measures. This model is applicable elsewhere to support and improve
complex decision making in the implementation of management re-
quirements according to the BWM Convention, which incorporates the
three principles of risk assessment (IMO, 2007). This paper presents the
improved version of the BWM RA model developed for European seas
(David and Gollasch, 2014), which was now tested on four different
cases using data from port environments, vessels traffic and ballast
water discharges situation of the port of Koper. In addition, im-
plementation options and issues were discussed, with recommendations
for the BWM RA implementation in other areas.
The importance of targeted biological surveys in port environments
as the most likely sites of arrival and settlement of new species is re-
cognised in both legal and scientific publications dedicated to suc-
cessful prevention, control and management of marine invasions
(Hewitt and Martin, 1996; Hewitt and Martin, 2001; Awad et al., 2014).
The above presented BWM RA should (at best) be based on reliable data
(Lodge et al., 2006), such as results from PBS and monitoring of HAOP
(David, 2007). Port biological baseline surveys (PBBS) are an essential
tool to support effective management strategies for NIS as well as native
HAOP (Bishop and Hutchings, 2011; Olenin et al., 2016). These surveys
provide species inventories in and around ports, with a focus on NIS
that may have been introduced by vessels, primarily via ballast waters
(Awad et al., 2014). Depending on protocols guidelines, PBBS can: i)
provide a valuable detection system for target species, facilitating
species eradication before their proliferation and spread; ii) provide a
baseline of native and NIS biodiversity to identify future new in-
troductions; iii) help investigate invasion patterns in relation to abiotic
and biotic factors; and iv) provide information on the effects of inva-
sions (Bishop and Hutchings, 2011). One of the papers of this special
issue, Strategy of port baseline surveys (PBS) in the Adriatic Sea (Kraus
et al., 2019a), includes an overview of existing surveys protocols which
provide valuable support to decision-making and to design effective NIS
monitoring with conversed pros and cons. Furthermore, this paper of-
fers guidelines for the selection of ports, survey areas, and sampling
sites; the scope of parameters, i.e. sampling intensity, frequency and
timing; as well as recommended and alternative methods of sampling,
sample processing and analyses, which are initial stage in PBS planning.
PBS was conducted in 12 Adriatic ports, four in Italy (Bari, Ancona,
Venice, Trieste), one in Slovenia (Koper), five in Croatia (Pula, Rijeka,
Šibenik, Split, Ploče), and one each in Montenegro (Bar) and Albania
(Durrës). This paper includes detailed explanation of the survey area
and sampling sites in each port, while the details of the remainder of the
guidelines, regarding parameters and sampling, are specified in sepa-
rate papers of this special issue. Furthermore, it includes a description
of the PBS protocol for the Adriatic, the protocol itself as supplementary
material, and recommendations based on the Adriatic PBS experience.
In addition to the study of the biota, the Adriatic PBS protocol in-
cludes optional, abiotic parameters. Physical parameters were included
to facilitate the understanding of processes in and around ports. In the
paper, Oceanographic characteristics of the Adriatic Sea – Support to sec-
ondary HAOP spread through natural dispersal (Kraus et al., 2019b), es-
timations of HAOP spread pathways over the region, and, more speci-
fically, from potential port of arrival to a wider area are presented.
Namely, HAOP retention in port vs. HAOP flow out in open area fol-
lowed by their potential inclusion in the general Adriatic circulation
were estimated for each port, season, and for both surface and bottom
layer.
Chemical parameters in the Adriatic PBS protocol were proposed to
provide insight into impacts of chemicals used in oxidant treatment of
ballast water and ballast water discharge. In the paper, Ballast water
management system: Assessment of chemical quality status of several ports
in Adriatic Sea, a baseline set of data concerning disinfection by-pro-
ducts (DBPs) was provided, indicating their release in relation to the
treatment of ballast water, and butyltin (BT), particularly in the sedi-
ments, due to TBT past use or recent illegal application (Romanelli
et al., 2019).
However, the species inventories presented in ten papers of this
special issue represent the main result of the PBS performed in 12
Adriatic ports. Generally, these inventories are the first species in-
ventories related to ports in this area. Although the main aim of the
surveys was to investigate HAOP that may have been introduced in
ports by vessels, primarily via ballast water, hull fouling as another
vector was also considered (Gollasch et al., 2015; Gollasch and David,
2018). The latter was specifically addressed by the paper Port Baseline
Biological Surveys and seaweed bioinvasions in port areas: What's the matter
in the Adriatic Sea? (Petrocelli et al., 2019). The factors that may in-
fluence HAOP presence or absence, such as seasonality and strategies of
sampling, were discussed. The paper also provides some specific re-
commendations regarding NIS surveys.
On the other hand, all numerous microscopic algae that can trigger
harmful algal blooms (HAB) are considered HAOP, irrelevantly of their
native or non-indigenous origin. Results of PBS aimed at microalgae
were presented in the paper Phytoplankton diversity in Adriatic ports:
Lessons from the port baseline survey for the management of harmful algal
species (Mozetič et al., 2019). An inventory of the phytoplankton di-
versity in 12 Adriatic ports was compiled and suggestions regarding
port surveillance were given. Apart from making the inventory of spe-
cies in ports, a network analysis on seasonally aggregated data enabled
the assembly of seasonal phytoplankton patterns and the identification
of a similar seasonal outline of the ports. The paper also contains a
catalogue of HAB, as well as non-indigenous and cryptogenic species,
along with their biological, ecological, and toxicogenic characteristics.
The first inventory of zooplankton taxa, which encompassed 10
Adriatic ports (Bari, Ancona, Venice, Trieste, Koper, Pula, Rijeka,
Šibenik, Split, and Bar) is given in the paper Zooplankton in Adriatic port
environments: Indigenous communities and non-indigenous species (Vidjak
et al.). The paper includes an inventory of species, including observed
NIS, with their spatial and seasonal distribution patterns. As the zoo-
plankton communities in ports vary in relation to their geographical
location and local environmental conditions, recommendations were
given for sampling methodology and future surveillance.
PBS encompassed also benthic communities. In the paper, Non-in-
digenous macrozoobenthic species on hard substrata of selected harbours in
the Adriatic Sea, the results of investigation performed in all 12 Adriatic
ports were presented (Spagnolo et al., 2019). This paper also includes
an account of each detected NIS regarding its origin, vector and
pathway of spreading to the Adriatic, and specifically ports of ob-
servation. In the paper, Macrozoobenthos in the Adriatic Sea ports: soft
bottom communities with an overview of non-indigenous species, the in-
ventory obtained from five Adriatic ports (Bari, Ancona, Koper, Pula
and Rijeka) was presented (Travizi et al., 2019). The paper includes an
account of the origin, vector and pathway of spreading of the observed
NIS.
Additionally, results of the investigation of one specific community
in marine sediments were delivered in one separate paper, Meiofaunal
communities in four Adriatic ports: Baseline data for risk assessment in
ballast water management (Baldrighi et al., 2019). In this paper, in-
vestigated taxonomic composition of meiofaunal communities in four
ports of the Adriatic (Ancona, Trieste, Koper, and Split), and their ob-
served variations were discussed. Meiofauna was assessed for the main
environmental pollutants in order to evaluate the effects of human
activities on this community, and identify the most appropriate de-
scriptor to assess the ecological quality of marine ecosystems. Namely,
due to their small size, high abundance and species richness, fast gen-
eration, and direct benthic development, meiofaunal organisms can be
used as biological indicators of anthropogenic impacts (Balsamo et al.,
Editorial Marine Pollution Bulletin xxx (xxxx) xxx–xxx
4
2012; Zeppilli et al., 2015), whereas their community structure reflects
organic matter and contaminant concentrations and oxygen levels (e.g.
Marin et al., 2008; Moreno et al., 2008a, 2008b, 2009).
Another specific community investigated in marine sediment was
presented in the paper Dinoflagellate resting cysts from surface sediments
of the Adriatic Ports: distribution and potential spreading patterns (Di Poi
et al., 2019). The ability of microalgae to preserve a viable status in
coastal sediments as resting forms provides a reservoir of phyto-
plankton biodiversity albeit also of toxicity, as many dinoflagellates are
identified as toxic and to cause harmful red-tide events (Matsuoka and
Fukuyo, 2000). Investigation was conducted in nine Adriatic ports
(Bari, Ancona, Venice, Trieste, Koper, Pula, Rijeka, Šibenik, and Split).
Inventory of species including observed NIS and toxic taxa with pos-
sible spreading pathway scenarios by ballast water vs. natural
spreading were hypothesised for all observed taxa. Determination of
taxa was performed microscopically, differently to the approach taken
in the paper Molecular methods for cost-efficient monitoring of HAB
(harmful algal bloom) dinoflagellate resting cysts (Perini et al., 2019). An
alternative approach to efficient and accurate quantification of several
toxic taxa was developed and tested on sediment samples from four
Adriatic ports (Bari, Ancona, Venice, and Trieste).
The use of the molecular method, quantitative (q)PCR, was applied
and tested in the detection of pathogens as well. Namely, microbial
requirements as the Ballast Water Performance Standard established by
the D-2 Regulation of the BWM Convention include Escherichia coli and
intestinal Enterococci as indicator of faecal contamination, i.e., as proxy-
indicators of the increased probability of pathogens' presence. Although
worldwide coastal water quality is monitored for faecal pollution using
the same faecal indicator bacteria (Field and Samadpour, 2007), ports
are scarcely investigated. Faecal contamination was assessed in sea-
water and sediments in 12 ports of the Adriatic Sea, and results pre-
sented in the paper Status of faecal pollution in ports: A basin-wide in-
vestigation in the Adriatic Sea (Luna et al.). The culture-based methods
currently used to quantify faecal indicator bacteria abundance were
used in all ports, while this novel, rapid qPCR approach was tested as
their alternative in one selected port.
The importance of integrating traditional monitoring tools with
other complementary detection strategies has been stressed at both
scientific and political levels (Hulme, 2006; Olenin et al., 2011, 2016),
and the collaboration with local stakeholders, as one possibility, is
particularly encouraged (Hewitt and Martin, 1996, 2001). Hardly any
group of organisms is as suitable as marine megafauna, which by de-
finition includes large animals (> 2 cm), such as fish and decapods,
which may be visible in photographs and could be relatively easily
detected (Gooday et al., 2009). This participatory approach, often re-
ported as ‘Local Ecological Knowledge’ (LEK), has recently emerged as
an alternative information source on species' occurrence and distribu-
tion (Anadón et al., 2009). It is increasingly used in the Mediterranean
Sea, and mostly with fish species (e.g., Azzurro et al., 2011). In the
paper, Detecting the occurrence of indigenous and non-indigenous mega-
fauna through fishermen knowledge: A complementary tool to coastal and
port surveys, results of port surveys using traps and nets within 10
Adriatic ports (Bari, Ancona, Venice, Trieste, Koper, Pula, Rijeka, Ši-
benik, Split, and Bar) were compared with the information obtained
from the local fishermen (Azzurro et al., 2019).
The BWM Convention includes provision of adequate reception fa-
cilities for sediment, removed from ballast tanks for cleaning or repair
purposes, which enable safe sediment disposal – without any damage to
environment, human health, property or resources. In the paper, Ballast
water sediment management in ports, the possible effects of existing bal-
last tank sediment management routine in ports were estimated
through an examination of respective legal frameworks from different
states and the operational modes of selected Adriatic shipyards (Maglić
et al., 2019). The bulk of sediment is introduced into the tank during
ballasting operations, accumulation of various by-products during bal-
lasting, corrosion and deterioration of the protective coating (Maglić
et al., 2016). As during de-ballasting accumulated sediments only
partially discharge with ballast water, further accumulation of all free
living and suspended aquatic organisms that may occur in the water
column and survive the ballasting process is facilitated (e.g., Carlton
et al., 1995; Gollasch et al., 2015). One of the early studies of ballast
water sediments in tanks reported that in “this mud” living polychaete
worms and crustaceans, including and wide variety of amphipods, crabs
and shrimps were found (Williams et al., 1988); a finding confirmed by
numerous following studies (e.g. Casas-Monroy et al., 2011). The goal
of this research was to determine if the States' administration and ports'
management are aware of the risks that sediments pose to human
health and the environment due to the possible presence of HAOP or
high concentrations of heavy metals during sediment disposal from
tanks.
The BWM Convention is one of several EU regulations addressing
the issue of NIS, which are in the Convention encompassed in HAOP. In
the paper, The implementation of the ballast water management convention
in the Adriatic Sea through States' cooperation: The contribution of en-
vironmental law and institutions (Rak et al., 2019), based on legal and
institutional information, and considering the regional maritime traffic
and environmental specifics, essential steps in facilitating the im-
plementation of BWM obligations were identified and discussed.
4. Conclusions
We believe that the publications of this special issue may provide
useful and important insights into the mechanisms of transfer of or-
ganisms via vessels ballast waters, and their survival in ports.
Information from PBBS and chemical surveys now offers an overview of
the present situation, and establishes baseline information for water
quality assessments, as well may support implementation of different
BWM convention tools, e.g., RA for exemptions and BWM, Early
Warning System, BWM Decision Support System. Activities conducted
in BALMAS, which brought to these results, were essentially conducted
as cross-border activities, thus facilitating continuing cooperation
among the main institutions and laboratories in the Adriatic region. In
conclusion, relevant missing data and tools to support a regional ap-
proach in the implementation of the BWM Convention were provided,
and are now in the hands of the political will of the Adriatic countries to
enable their use for the sake of protection of the Adriatic Sea en-
vironment, human health property and resources from negative impacts
of ballast water being discharged in the area. Data, approaches and
tools hereby provided may be helpful in any other region to support an
effective BWM Convention implementation.
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